The genus Salvia L. (Tribe Mentheae) is the largest of the Lamiaceae with 1000 species widespread throughout the world. Phytochemical studies of several Salvia species have established an interesting chemical profile for the genus including sterols, flavonoids and triterpenoids. However, the most characteristic secondary metabolites of the genus are diterpenoids. One of the most distinguishing features of Salvia genus is the number of rearranged diterpene skeletons isolated from these plants. Until now, over 30 rearranged diterpene skeletons have been described for both Old and New World representatives of the genus. In this review, a survey of recent literature data regarding rearranged clerodane and abietane diterpenoids from American Salvia species is presented.
Keywords: Salvia, Lamiaceae, Labiatae, rearranged skeletons, diterpenes.
The genus Salvia L. (Tribe Mentheae) is the largest of the Lamiaceae with nearly 1000 species widespread throughout the world, although major areas of diversity are Mexico, Central and South America (with c.a. 500 spp.), western Asia (c.a. 200 spp.) and eastern Asia (c.a. 100 spp.) [1] . These plants were organized into four subgenera by Bentham (Salvia, Sclarea, Leonia and Calosphace) [2] . However, taxonomic data suggest a reconsideration of this classification, which must include the subgenus Audibertia [3] which comprises the Californian and Baja Californian Salvias. Subgenus Sclarea is present not only in Asia and Europe, but also in Mexico, and Leonia is also present in Europe, Asia and Africa and not only in North America, as was described previously in various phytochemical papers [1, [3] [4] . Based on historical reasons the name of subgenus Calosphace must be changed to Jungia [5] .
Phytochemical studies of several Salvia species have established an interesting chemical profile for the genus. Sterols, such as β-sitosterol and stigmasterol, and flavonoids are frequently found in the aerial parts of these plants. Triterpenes derived from lupane, oleanane, dammarane and ursane skeletons and some phenolic compounds have also been isolated [6] .
Sesquiterpene lactones [7] and diterpene alkaloids [8] have been also described for the genus. The most diversified and characteristic secondary metabolites of the genus are the diterpenoids. Over 200 abietane and rearranged abietane diterpenoids have been described for species belonging to all the subgenera in both aerial parts and roots. The major concentration and diversity of these types of metabolites are represented in subgenera Salvia, Sclarea and Audibertia. The diterpenoids isolated from the Salvia species from Turkey, which belong to subgenera Salvia, Sclarea and Leonia, are good representatives of this structural diversity [9] . Until now, over 100 clerodane diterpenoids and related compounds have been isolated, mainly from species belonging to subgenus Jungia (Calosphace) [10] . As a result of the phytochemical studies of several Mexican Salvia spp (subgenus Jungia), a close relationship between the diterpenoid content of species and their taxonomic section was proposed in the earlier stage of these studies. However, with the present data it becomes clear that botanical sectional differentiation does not correlate with the chemical composition [4, 11] . An interesting relationship between the diterpenoid content of these plants, the geographical distribution and botanical classification has been established regarding subgenera, following
Bentham's classification [11] [12] [13] . Actual data indicated that clerodane derived diterpenoids are characteristic of Salvia subgenus Jungia (Calosphace) and abietane derived compounds are more frequently isolated from plants belonging to the other subgenera. The distribution and oxidation pattern of several abietane-derived diterpenoids in the genus are of phytogeographical significance and suggest an evolutionary link between the Chinese and New World Salvias [14] .
One of the most distinguishing features of Salvia genus is the number of rearranged diterpene skeletons isolated from these plants. Over 30 new rearranged diterpenoid skeletons have been isolated from both aerial parts and roots of these plants. In several cases the structure of these secondary metabolites indicated that they could be derived from pimaranic, clerodanic and abietanic precursors. In some cases probable biogenetic routes have been proposed to explain the observed connectivity. However, there is no experimental evidence that supports these biogenetic pathways. In this paper an updated review regarding rearranged diterpenoids of clerodanic and abietanic origin from American Salvia species belonging to Jungia subgenus is presented, taking into account previous revisions of this topic [15] [16] [17] . Rearranged diterpenoid skeletons mentioned in this paper are depicted in Scheme 1. The numbering system is derived from that of the most probable precursor accounting for the corresponding biogenetic pathway proposed. 5  6  7   8   9  10   11   12   13   14   15   16   17   18   19   20   1  2   3  4   5  6   7   8  9  10   11   12   13   14   15   16   17   18   19   20   1  2   3  4   5   6   7   8   9  10   11   12   13   14   15   16   17   18   19   20   1  2   3  4   5  6   7   8   9   10   11   12  13   14  15   16   17   18   19   20   1 A phytochemical study of the Mexican species, S. fulgens Cav. (section Fulgentes) led to the isolation of salvigenolide (1), the first diterpenoid with a salvigenane skeleton. The structure of compound 1 was firmly established based on spectroscopic and chemical data, as well as X-ray diffraction analysis [18] . Recently, 1 was also isolated from S. xalapensis Benth., a species classified in section Angulatae of subgenus Jungia [19, 20] that is unrelated to section Fulgentes. From the acetone extract of S. xalapensis another salvigenane diterpenoid was isolated as an amorphous powder. The structure of this compound was established as 2β-hydroxysalvigenolide (2) based on spectroscopic data. The 1 H NMR spectrum of 2 was almost identical to that reported for salvigenolide (1) . The observed differences were consistent with the presence of a hydroxyl group at the C-2β position. A one-proton double triplet at δ 4.5 (J = 4 and 6.9 Hz) was assigned to the geminal proton of the hydroxyl group and a doublet at δ 7.1 (J = 6.9 Hz) to the vinylic H-3. The coupling constant observed for H-2 was in agreement with the β-orientation of the hydroxyl group.
Salviandulin E (3) is a highly unsaturated salvigenane diterpenoid isolated from S. lavanduloides Kunth.
(section Lavanduloideae) and S. leucantha Cav.
(section Albolanatae) [21] . The 1 H and 13 C NMR data of 3 supported the structure proposed for it and the UV spectrum confirmed its highly unsaturated nature. Acetylation of compound 3, under usual conditions, yielded the expected acetyl derivative 4 whose IR spectrum did not show hydroxyl absorption. It is interesting to draw attention to the presence of salvigenane diterpenoids in the unrelated sections Fulgentes, Angulatae, Lavanduloideae and Albolanatae.
Dugesin A is a salvigenane diterpenoid recently described from a Chinese collection of S. dugesii Fern., a shrub of Mexican origin and classified in section Scorodonia [22] . Its structure depicted in 5 was established by spectroscopic means and comparison of its 1 H and 13 C NMR spectra with those reported for salviandulin E (3). In addition to compound 5, several rearranged clerodane diterpenoids were isolated from the aerial parts of S. dugesii. It is interesting to mention that according to Epling [19] , S. dugesii is synonymous with S. melissodora Lag., which is the representative species of Scorodonia section. The chemical analysis of several Mexican collections of S. melissodora afforded only clerodane diterpenoids with a characteristic oxidation pattern [23, 24] very different from that found in the diterpenoids from S dugesii. It is not clear from the paper if the plant was collected in the field or whether the work was carried out with botanical garden material. Authoritative work regarding the flora of China did not include S. dugesii as a wild species in this country [25] .
A salvigenane diterpenoid with an A/B cis ring fusion was described from the Mexican species S. blepharophylla Brandegee ex Epling (section Brandegeia) [26] . From the exudates of the aerial parts of this plant blepharolide A (6) and B (7) were isolated after extensive chromatographic purification. Compound 7 was proved to be a cis salvigenane derivative. Extensive examination of its 1 H and 13 C NMR data including COSY, TOCSY, HMQC, HMBC and ROESY spectra supported the structure proposed for it. However, the configuration at C-12 could not be determined.
The salvigenane skeleton could be derived biogenetically by the migration of the C8-C9 bond of a normal clerodane skeleton to C-11 with a concomitant loss of an adequate leaving group, as proposed previously [18] (Scheme 2). However, the C8-C-11 bond, characteristic of a salvigenane skeleton, could be explained also by the formation of a cyclopropane precursor such as blepharolide A (6).
This interesting compound, also isolated from S. blepharophylla, possesses a new rearranged skeleton derived from a clerodanic precursor. The name isosalvigenane was proposed for this new C6-C6-C3 ring system [26] . From the aerial parts of S. xalapensis Benth., compound 8, named salvixalapadiene was isolated as a crystalline product. Its structure was established after a thorough analysis of its NMR spectral data, including NOESY, HMBC and HMQC. NOESY spectroscopy, in addition to Quantum Mechanics calculation, supports the relative stereochemistry depicted in 8. Salvixalapadiene (8) constitutes the first example of a 5,6-seco-salvigenane skeleton and has been named salvixalapane [20] . The isomeric diterpene 9, named isosalvixalapadiene, was also isolated from this species as a crystalline compound, which could be biogenetically obtained from 8 via [1, 5] H sigmatropic rearrangement, as depicted in Scheme 3. A biogenetic pathway to the salvixalapane skeleton is outlined also in Scheme 3, starting from a hypothetical salvigenane precursor such as 10, which could lead to compound 8 through aromatization of ring A with the concomitant rupture of the C5-C6 bond. The presence of salvigenane derivatives 1 and 2 in S. xalapensis supports the biogenetic hypothesis depicted. Moreover, precursor 10 could be derived from an isosalvigenane derivative such as blepharolide A (6), present in S. blepharophylla [26] .
Compound 8 was unstable under atmospheric conditions and decomposed in the presence of air. From a sample of decomposed 8, the new phthalide, 4-acetylisobenzofuran-1(3H)-one (11), was isolated, suggesting the participation of oxygen in the process of degradation. Recently, from the acetone extract of the aerial parts of a cultivated collection of S. fulgens Cav, several clerodane diterpenoids were isolated together with a salvixalapane-derived diterpenoid named salvifulgenolide (12) [27] . The structure of compound 12 was established by spectroscopic methods and X-ray diffraction analysis of a single crystal, which confirms the correct structure and relative stereochemistry of this new isosalvixalapane derivative.
S. xalapensis is a very interesting species since several rearranged clerodane derived diterpenoids cooccurred in this plant. In addition to the salvigenane and salvixalapane derived compounds previously discussed, two languidulane diterpenoids, 13 and 14, were isolated. Compound 13 was identified as salvisousolide, a languidulane-type diterpenoid originally isolated from S. sousae Ramam. (section Polystachyae) [28] and also present in S. urolepis Fern. (section Angulatae) [29] and S. tonalensis Brandegee (section Polystachyae) [30] . Compound 14 proved to be a new languidulane derivative, named salvixalapoxide, which was isolated as a crystalline solid. The 1 H and 13 C NMR spectroscopic data of 14 supported the presence of an α, βsubstituted furan ring characteristic of a languidulane diterpenoid with a carbonyl group at C-12 and an α, β-unsaturated γ-lactone bound to the A-ring, as in languiduline (15) [31] and salvisousolide (13) [28] . A one-proton doublet at δ 3.27 (J = 6.0 Hz) in the 1 H NMR spectrum of 14 was ascribed to the proton of an oxirane ring. The chemical shift observed for the methyl protons at C-17 (δ 1.41) indicated that the oxirane ring is located at the C-7 and C-8 positions.
The coupling constant observed for H-7 indicated a β-orientation for the oxirane ring according to Tori's equation. The upfield shift observed for C-10 in the 13 C NMR spectrum of 14 (δ 47.9), in comparison to the same signal in salvisousolide (13) In addition to compound 13, the aerial parts of S. tonalensis also afforded the languidulane derivative 16, named tonalenin. The structure and relative stereochemistry of this compound was proposed based on spectroscopic data and chemical correlation with languiduline (15) . Treatment of 16 with SOCl 2 in pyridine at low temperature afforded 7-epi-languiduline 17, confirming in this way the structure proposed for tonalenin (16) [30] .
A reinvestigation of S. sousae afforded the previously known clerodane diterpenoids salviarin, 10βhydroxysalviarin and 1(10)-dehydrosalviarin [4] . The clerodane diterpenoid (18) was also isolated, together with a new languidulane derivative named isosalvisousolide (19) [32] . An AB system observed in the 1 H NMR spectrum of 19, at δ 4.96 and 4.12 (J = 9 Hz) was assigned to the C-19 methylene protons. The pro-S H-19 (δ 4.12) is devoid of the long-range coupling commonly found in neoclerodane diterpenoids. This fact indicated the presence of a substituent at the C-6β position and, furthermore, the chemical shift of H-19 pro-R indicated the presence of an acetate group bound to the C-7α axial position. A double doublet at δ 5.15 (J = 4.5, 3 Hz) was assigned to the geminal proton of this moiety and a broad doublet at δ 4.02 (J = 3) was ascribed to the geminal proton of a hydroxyl group that must be located, therefore, at the C-6β position. The orientation of this hydroxyl group was confirmed with the aid of the coupling constant observed for H-6 and H-7. The coupling constants observed for H-10 (δ 3.02, d, J = 10.5 Hz) and H-1 (δ 3.07, dt, J = 10.5, 2.5) revealed a trans-axial relationship between them. These results indicated that isosalvisousolide (19) is an A/B trans languidulane derivative.
From the aerial parts of S. mexicana var. major (section Briquetia) the first example of an A/B cis fused languidulane diterpenoid was described [11] . Structure 20 was assigned to this compound, that was named salvimexicanolide. In addition to the characteristic signals for an α, β-substituted furan ring conjugated with a carbonyl group of a languidulane skeleton, in the 1 H NMR spectrum of 20 an AB system at δ 4.93 and 4.5 (J = 8.1 Hz) was observed and ascribed to the C-19 methylene protons. The chemical shift of the H-19 pro-S showed a downfield shift of ca. 0.4 ppm in comparison to the same signal described for other languidulane diterpenoids. This downfield shift could be explained by the deshielding effect produced by the α−oriented hydroxyl group located at C-10. The structure of 20 was confirmed by X-ray diffraction analysis of a single crystal. The interatomic distance calculated between H-19 pro-S and the oxygen of the hydroxyl group at C-10 is 2.22 Å, thus explaining the observed downfield shift for this proton.
The languidulane skeleton could be explained by the bonding of the C1-C16 positions of a clerodane precursor through the biogenetic pathway previously proposed [15] . It is interesting to note that all the languidulane diterpenoids isolated up to now present a carbonyl group at C-12. This functional group must, therefore, play an important role in the formation of the C1-C16 bond characteristic of languidulane diterpenoids. However, the presence of a conjugated carbonyl group at C-12 makes the system more susceptible to a nucleophilic attack at the C-16 position rather than behave like an electron donor, as proposed earlier. The co-occurrence of compound (18) in the aerial parts of S. sousae supports the participation of a C-12 carbonyl intermediate in the formation of the languidulane skeleton.
The benzocycloheptatriene diterpenoid isosalvipuberuline (21) was isolated, some years ago, from the aerial parts of S. puberula Fern., which was classified in the section Holwaya, and represents the first isosalvipuberulane-type diterpenoid isolated from a natural source [33] . The biogenetic pathway leading to the carbon-carbon connectivity observed in 21 was proposed earlier starting from a salvigenane precursor [33] . Several new isosalvipuberulane (22) and salviandulin E (3) were isolated, together with an isosalvipuberulan diterpenoid named salvileucantholide (23) [21] . The structure proposed for 23, was firmly supported by spectroscopic data and X-ray diffraction analysis and is closely related to isosalvipuberuline (21) and salvipuberuline (24) . To prove this structural relationship, compound 23 was treated with NaI in p-toluensulfonic acid affording compound 25. Under these experimental conditions the oxirane group was replaced by a double bond, but the expected isomerization of the diene system to produce 21 did not occur. Partial isomerization (30%) took place, however, in the NMR probe when product 25 was treated with trifluoroacetic acid. Salvileucantholide (23) could be biogenetically derived from salvipuberulin (24), a benzonorcaradiene-type diterpenoid also present in S. puberula, as outlined in Scheme 4. The electrocyclic reaction of the cyclopropane present in 24 resulted from a [1, 5] H sigmatropic shift to produce the intermediate 25, which afforded salvileucantholide (23) after situselective epoxidation at the C1-C2 positions.
Recently, from the acetone extract of the aerial parts of a cultivated population of S. leucantha [34] , in addition to the neoclerodane diterpenoid salvifaricin (22) , isosalvipuberulin (21) , salvileucantholide (23) and salviandulin E (3), the interesting diterpenoid spiroleucantholide (26) was also isolated. Its structure was proposed based on spectral data as well as X-ray diffraction analysis. The rearranged skeleton present in 26 could be derived biogenetically by the contraction of the seven membered ring of an isosalvipuberulan precursor. The migration of the C5-C6 bond to the C10 position could explain the spiranic nature of compound 25. It is interesting to note that such an A ring contraction and spiro junction formation must proceed with the loss of the aromatic nature of the B ring present in all isosalvipuberulane diterpenoids isolated until now. An alternative pathway starting with a salvigenane skeleton is also probable. The migration of the C5-C6 bond to the C10 position could also explain the structure of spiroleucantholide (26) . This is the first report of a spiro-6-6 A/B system in a diterpenoid from a natural source. The collection of S. leucantha from which these compounds were isolated was cultivated in the Botanical Garden of Kyoritsu University at Japan. However, is interesting to note that both, the Mexican and Japanese collections share almost identical chemical composition regardless of the differences in habitat and growth conditions. Isosalvipuberulan diterpenoids have also been described from the aerial parts of S. dugesii [22] . Dugesin B (27) and isosalvipuberulin (21) were isolated from this plant in addition to salvipuberulin (24) , tilifodiolide (28) , salvifolin (29) and salvifaricin (22) . S. dugesii is the second natural source from which compounds (24) and (28) interesting to note that isosalvipuberulan diterpenoids are distributed among Salvia species belonging to unrelated botanical sections. This wide distribution among several unrelated botanical sections of subgenus Jungia is observed also for others rearranged diterpenoids so far isolated.
Rhyacophane is a rearranged skeleton which could be considered as a C5-C6-seco-clerodane derivative, and which is biogenetically derived from a 7-ketoclerodane precursor with a conjugated diene in the A ring, as depicted in Scheme 5. Salvifolin (29) fulfils these structural requirements [16] . The rupture of the C5-C6 bond is explained by the formation of an aromatic ring present in all the rhyacophane diterpenoids isolated until now. The name of the skeleton came from rhyacophiline (30) , the first diterpenoid with this rearranged clerodane structure isolated from S. rhyacophyla Epl. (section Angulatae) [35] . Additional rhyacophane derived diterpenoids are salvireptanolide (31) from S. reptans Jacq. (section Farinaceae) [36] and salviandulin C (32) from S. lavanduloides Vahl. [37] . In addition to spectroscopic data, the structure of salviandulin C (32) was confirmed by a series of chemical transformations. The most recent addition to rhyacophane-derived diterpenoids is 7,8-didehydrorhyacophiline (33) . This derivative was isolated from the aerial parts of S. reflexa Hornem (section Glareosae) together with several diterpenoids identified as salviarin (34), 6β-hydroxysalviarin (35) and 8α-hydroxysalviarin (36) [38] . S. lavanduloides Vahl. is a Mexican shrub classified in section Lavanduloideae. Chemical analysis of this species led to the isolation of the rhyacophane derivative salviandulin C (32) [37] and also of two 9,10-secoclerodane diterpenoids named salviandulin A (37) and B (38) [39] . The structures of these interesting rearranged diterpenoids were proposed from spectroscopic data and an X-ray diffraction analysis performed on a single crystal of salvianduline B (38) . (37) . Acetylation of salviandulin B (38) with Ac 2 O in pyridine afforded the acetyl derivative 39, which proved to be 7-epi salviandulin A. Treatment of salviandulin A (37) with HCl in Me 2 CO-H 2 O under reflux produced 7epi-salviandulin B (40) . Oxidation of 38 and 40 with Jones' reagent afforded the same 7-keto-derivative (41), thus correlating the structure of both diterpenoids. Compound 39 was later isolated as a natural product from the aerial parts of S. haenkei Benth. (section Cylindriflorae), together with several cis (42) (43) (44) and trans (45) clerodane diterpenoids [40] . Compound (42) deserves special mention since it could be considered as a precursor of the 9-10seco-clerodane diterpenoids, in agreement with the biogenetic hypothesis previously proposed [16] .
From American Salvia species, 5,10-seco-clerodane diterpenoids have also been isolated. Cardiophyllidin (46) was found in the aerial parts of S. cardiophylla Benth. (Section Rudes) [16] . Compounds 47 and 48 were isolated from the aerial parts of S. thymoides Benth. (section Flocculosae) and S. purpurea (section Purpureae), respectively [16] . Recent additions to this type of rearranged diterpenoids are tonalensin (49) and polystachyne F (50). Compound 49, was isolated from the aerial parts of S. tonalensis Brand (section Polystachyae), together with salvifaricin (22) and the languidulane derivatives 13 and 16 [41] . A distinctive feature of compound 49 is the high degree of complexity of its 1 H NMR spectrum when recorded over the temperature range -25 to 60 o C. This fact suggested the existence of several conformers in solution. To ascertain the structure of compound 49 an X-ray diffraction analysis of a single crystal was carried out, thus confirming the presence of a trans, cis, cis-cyclodeca-1,3,5-triene system in tonalensin (49) [41] . The relative stereochemistry found for compound 49 is opposite to that assigned to cardiophyllidin (46) . Compounds 22 and 49 were also isolated from S. uruapana Fern. (section Angulatae) [42] . Polystachyne F (50) was extracted from the aerial parts of S. polystachya Ort. (section Polystachyae), together with seven A/B cis clerodane diterpenoids and one A/B trans clerodane diterpenoid [43] . Compound 50 could be considered as the 1β,10α-trans-epoxy derivative of tonalensin (49) . Thorough analysis of spectroscopic data, as well as X-ray diffraction analysis of a single crystal, firmly established the structure of this compound. Analysis of molecular models and the NOESY spectrum led to the establishment of compound 50 adopting two main conformers in solution. Both conformers should be in rapid equilibrium since the 1 H and 13 C spectroscopic signals were not observed in duplicate; only some of the signals in the 1 H NMR spectrum of 50 were broadening by the presence of the conformers.
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Seco-clerodane diterpenoids with a 1,3,5 triene system could arise from a disrotatory electrocyclic ring opening of a suitable precursor, as previously proposed [17] .
A number of abietane and rearranged abietane diterpenoids have been described in both aerial parts and roots of the European and Asiatic members of the Salvia genus. In the New World, abietane derived diterpenoids have also been frequently found in the aerial parts and roots of Californian (USA) and Baja Californian (Mexico) Salvias belonging to subgenus Audibertia [12] . The abietane and icetexane diterpenoids from Mexican Salvias have been reviewed [17] . The distribution and phytogeographical significance of 20-nor and 5,6seco abietane diterpenoids in both aerial parts and roots of American Salvias have been recently published [14] . The more widely distributed rearranged abietane diterpenoids in the American representatives of the genus are those of the icetexane type, mainly in Salvia species belonging to section Tomentellae of subgenus Jungia. Icetexane was named after the isolation of icetexone (51), the first rearranged abietane diterpenoid with a (9 20)-abeoabietane skeleton, from S. ballotaeflora Benth. (section Tomentellae) [44] . Icetexane diterpenoids have been isolated from several Mexican Salvia species belonging both to subgenera Jungia and Audibertia, and also from the roots of the European S. canariensis L. [17] . Recently from the hairy root cultures of S. broussonetii Benth., two icetexane derivatives have been isolated [45] . It is noteworthy From the Argentinean species S. gilliesi Benth, the icetexane 52 has been described, and named 5-epiicetexone [46] . The abietane diterpenoids 53 and 54 were also isolated from this plant, which is classified in the section Tomentellae of the subgenus Jungia. The oxidation pattern of compounds 53 and 54 is very interesting, since the oxidation at C-20 is a structural requirement to the expansion of the B ring in the biogenetic pathway leading to the icetexane skeleton, as previously proposed and chemically proved [17] . The presence of 53 and 54 in S. gilliessi supports this biogenetic theory.
S. pubescens Benth. (section Erythrostachys), a perennial shrub endemic to Mexico, produces several abietane diterpenoids [17] . In a reinvestigation of this species, looking for abietane derivatives with potential anti-tumor activity, a second population was analyzed. Besides the known diterpenoids icetexone (51) and 7-O-methylconacytone (55), the new icetexane derivative 56 was isolated [47] . Treatment of 56 with Jones' reagent yielded a product identical with icetexone (51), confirming the proposed structure. Phytochemical analysis of the aerial parts of a new collection of S. ballotaeflora Benth. (section Tomentellae) afforded the icetexanes 57-59, besides conacytone (60) and anastomosine (61) [48] .
Compounds 57 and 58 are closely related to icetexone (51) and could be considered as 19-deoxyicetexone derivatives. The structure of compound 59 was established by spectroscopic means and was named 7, 20-dihydroanastomosine. Anastomosine (61) is an icetexane-type diterpenoid, previously isolated from S. anastomosans Ramam., a species classified in section Tomentellae [17] .
From the roots of Salvia candicans M. et G. (Section Scorodonia), the icetexane diterpenoids demethylsalvicanol (62) and 5α,6dihydrosalviasperanol (63) were isolated [13] . Compound 62 is previously known from Salvia canariensis L.
(Subgenus Salvia, Section Hymenosphace) [17] and has been also isolated from the hairy roots of S. broussonetii [45] . Icetexane 63 was previously isolated from the roots of Salvia mellifera Green [49] and recently from the roots of Salvia candicans [13] . Comparison of the 1 H NMR data of compound 63 with those described for brussonol, an icetexane diterpenoid isolated from the modified roots of Salvia broussonetii Benth. [45] indicated that both diterpenoids are identical. In the original report on S. mellifera, the product was erroneously identified as the catalytic hydrogenation derivative of salviasperanol (64) [50] , although there are several differences in the 1 H NMR data. Analysis of NOESY spectroscopy data obtained from the sample of 63 isolated from S. candicans [13] supports the α-axially orientation for H-5. Therefore the structure of synthetic dihydro-derivative of salviasperanol (64) must be revised, however taking into account the accepted mechanism for a catalytic hydrogenation the most probable structure for this product was proposed to be the 5β-epimer [13] . In a recent paper regarding the synthesis of several icetexane diterpenoids this fact has been addressed [51] . Salviasperanol (65), is an icetexane diterpenoid originally isolated from the roots of Salvia aspera M. [13] .
Cariocal (66) is a 6,7-seco-abietane derivative isolated originally from Coleus barbatus [52] and recently from the roots of S. aspera and S. anastomosans [14] . Compound (66) constitutes the first example of such a rearranged abietane derivative isolated from a Salvia species belonging to Jungia Subgenus. From the roots of a population of Salvia tiliaefolia Vahl collected in Colombia, two abietanederived diterpenoids were isolated. One of them was identified as ferruginol and the second one was proved to be a cycloheptanenaphtoquinone-type diterpenoid of abietanic origin named tilifolidione (67) [53] . The structure proposed for this diterpenoid was rigorously established by spectroscopic data, including HMBC, HMQC, COSY and ROESY pulse sequences. Tilifolidione could be considered as an (9 20) , (10 6)-di-abeo-abietane derivative accordingly to the biogenetic Scheme 7. In this scheme an icetexane-type precursor with an oxidation pattern related to anastomosin (61) is proposed and therefore compound 67 could be considered also a rearranged icetexane diterpenoid. The presence of these rearranged icetexane diterpenoids, is not restricted only to the roots of S. tiliaefolia, since tilifolidione (67) has been isolated recently also from the roots of S. semiatrata [14] . The name of salvifolane has been proposed for the carbocyclic skeleton present in compound (67).
From the roots of S. thymoides Benth. (section Flocculosae), a shrub endemic to the semiarid regions of southern Mexico, tilifolidione (67) and several related salvifolane diterpenoids (68-70) were isolated [54] . The structure of the quinone (68) is closely related to tilifolidione (67). The 1 H and 13 C NMR data indicated that the methylene group at the C3 position was replaced by an additional carbonyl group and, therefore, compound 68 must be 3-oxo-tilifolidione. Compound 69 was isolated in small amount as an oil. Its structure as 3-hydroxytilifoli-dione was demonstrated since, upon treatment of it with MnO 2 , 3-oxo-tilifolidione (68) was obtained. The diterpenoid quinone 70 was also obtained from the roots of S. thymoides in small amounts. The structure of 70 was established by analysis of its spectroscopic data, which indicated that the compound lacks the carbon atom at C-5, and, therefore, is the first example of a 5-nor-salvifolane derivative.
Recently, some icetexane-derived diterpenoids have been subjected to intensive studies focused on the determination of their biological properties. Demethylsalvicanol (62) and 5α,6-dihydrosalviasperanol (brussonol) (63) showed cytotoxic activity against P388 murine leukaemia cells [55a] . In a recent work, a moderate, but yet interesting selectivity against a leukaemia cell line was reported for cariocal (66). In this test, compound 66 was shown to be non-toxic to normal human lymphocytes [14] . Salviasperanol (65) and related icetexane-derived diterpenoids have recently been synthesized [51,55b] .
The correlation between the diterpenoid content of a Salvia species and their taxonomic sections [16] , proposed in the earlier years of the systematic study of American Salvia species is no longer valid, since several exception are known. A thorough review of the literature indicates instead a clear differentiation, from the chemical point of view, between the diterpenoid content of Salvia species regarding subgenera, with subgenus Jungia being characterized by clerodane and rearranged clerodane-derived diterpenoids. Until now the roots of Salvia species of all subgenera are characterized by producing abietane and rearranged abietane diterpenoids, as was proposed several years ago [17] . European and Asiatic Salvia species prepare mainly abietanederived diterpenoids in both roots and aerial parts.
With more than 30 rearranged diterpenoid skeletons, plants of the Salvia genus could be considered one of the most important natural sources of new and interesting diterpenoids. In spite of this chemical richness there are no experimental data on the biosynthesis of these products and synthetic studies are scarce. Although there are several groups throughout the world working on the chemistry of these interesting plants, only about 20% of the whole genus has been chemically studied. These facts, together with the importance of Salvia plants in several folk medicinal systems all over the world, made this genus a prime candidate for further chemical and biological analysis.
